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S. Weinberg ‘67

parity violation

gauge structure
hypercharges

number of generations
Higgs representation
yVi=1 VvS. yp = 0.02 vs.
yu = 0.0006

CKM hierarchy

is naturalness a thing”?
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S. Weinberg ‘67

e parity violation

* gauge structure

* hypercharges

 number of generations

* Higgs representation

* vi=1 vS. yp =0.02 vs.
yu = 0.0006

 CKM hierarchy

* is naturalness a thing?

. and it's incomplete,
of course...
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Small-pt resummation

NNLOJET®SCET pp— H+=20jet my=125 GeVVs = 13 TeV
14F NNLO LO®NLL =2 NLO@NNLL B3 NNLO@N3LL ===
12F
S I POF4LHC15
S 1F Scale®Profile
S " variation of 66
808F combinations
— "
Q [
g 0.6
o

0.4

0.2
, 0
-
% 1.1 P raTOTET R L Ly v e

P R o R
9 1 : RARELRATRATLS
A S0 |
2 0.0 RS
2oa B
° 0.8
é 0.7 LT AX I
0 20 40 60 80 100 120 140 180 180

Chen et al. 2018
Bizon, Monni, Re, Rottoli, Torielli 2017

R. Harlander, SM Higgs precision calculations, June 2019

NNLO@NSLL

Institute for
Theoretical
Particle Physics
and Cosmology



Higgs as a probe

Institute for
Theoretical
Particle Physics
and Cosmology

R. Harlander, SM Higgs precision calculations, June 2019



1/m: expansion

1.9

|  / -

]
1.8 /

/
1.7 ! a

/ 7’
——— . P T T i ’ - r
16 l’»‘/‘-r- // f”’ s nwom
4 17 //,f --------
1.5 e
! //‘ PRI Ii
1.4 a
/
13" Top-Expansion f RH, Neumann, Ozeren,
0 ! . )
12 [ o(1/my) : Wiesemann '12
2 ,
-— +O(1/mt) { . .
1.1 ) | Js =13TeV Neumann, Wiesemann ‘14
+O(1/mt)
1o Neumann, Williams "17
50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300

p!! [GeV]

Institute for
Theoretical
Particle Physics
and Cosmology

R. Harlander, SM Higgs precision calculations, June 2019



102 pp — H+j@13TeV
! ! ! ! ! v L
= OE 3 5 E == LOgygrr
5 O
‘\:-‘\ --f-----i----q'.---.i_---------;-----------"
z 150
1.0

400 AO0 800 1000 1200 1400 1600 1800
b1 [GeV]

Lindert, Kudashkin, Melnikov, Wever 2018
exact mi dependence: S.P. Jones, Kerner, Luisoni 2018

Institute for
Theoretical
Particle Physics
and Cosmology

R. Harlander, SM Higgs precision calculations, June 2019



NLO HH with top mass
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Box-triangle interference
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WH/ZH production
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WH/ZH production
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Total cross section
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Bottom quark effects
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Only NLO result! Interference with top:
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resummation of large logs  Melnikov, Penin 2016
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What made all of this possible...

ntegration-by-Parts
_aporta algorithm
Canonical basis

Sector decomposition
NNLO subtraction

R. Harlander, SM Higgs precision calculations, June 2019 Particle Physics

Chetyrkin, Tkachov 1981
Laporta 2000

Henn 2013
Binoth, Heinrich 2000

Catani, Grazzini 2007

Gehrmann-De Ridder, Gehrmann, Glover ++ 2005ff
Czakon 2010

Boughezal, Melnikov, Petriello 2012

Paola, Melnikov, Rontsch 2017

Stuart, Tackmann, Waalewijn 2010

Boughezal, Liu, Petriello 2015

Cacciari, Dreyer, Karlberg, Salam, Zanderighi 2015
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Things | skipped...
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NNLO ® PS

Hamilton, Nason, Re, Zanderighi 2013

Alioli, C.W. Bauer, Berggren,
Tackmann, Walsh, Zuberi 2014

Hoche, Li, Prestel 2014

gg—H with m: effects
Hamilton, Nason, Zanderighi 2015

WH, ZH

Astill, Bizon, Re, Zanderighi 2016, 2018
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Things | skipped...

VBF: N3LLO Dreyer, Karlberg 2018

HH: I\LO S — 00 Davies, Mishima, Steinhauser, Wellmann 2018

towards NNLO Davies, Herren, Mishima, Steinhauser 2018
Grigo, Hoff, Steinhauser 2015
De Florian, Mazzitelli 2015, 2018

De Florian, Grazzini, Hanga, Kallweit, Lindert,
Meierhdtfer, Mazzitelli, Rathlev 2016

Approximation methods Xu, Yang 2019
Borowka, Gehrmann, Hulme 2018

Analytic calculations Frellesvig, Bonciani, Del Duca, Moriello,
Henn, Smirnov 2018

Badger, Chicherin, Gehrmann, Heinrich, Henn,
Peraro, Wasser, Zhang, Zola 2019

Chaubey, Weinzierl 2019

... .and much more!
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Things | skipped...

Decays...
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Conclusions

Enormous progress within the last 10-20 years
NLO: fully automated
NNLO: state of the art

—irst NSLO results

Current challenge: 2-loop multileg w”
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Theory will be ready for the next step.
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